Context. Extragalactic globular clusters have been studied in elliptical galaxies and in a few luminous spiral galaxies, but little is known about globular clusters in low-luminosity spirals. Aims. Past observations with the ACS have shown that NGC 45 hosts a large population of globular clusters (19), as well as several young star clusters. In this work we aim to confirm the bona fide globular cluster status for 8 of 19 globular cluster candidates and to derive metallicities, ages, and velocities. Methods. VLT/FORS2 multislit spectroscopy in combination with the Lick/IDS system was used to derive velocities and to constrain metallicities and [α/Fe] element ratio of the globular clusters. 
Introduction
Globular clusters are present in almost all kinds of galaxies. Observations of extragalactic globular cluster systems have shown that globular cluster systems can often be divided into (at least) two sub-populations, although the origin of these remains unclear. In the Milky Way and M31, the metal-poor globular cluster sub-populations display halo-like kinematics and spatial distributions (e.g. Zinn 1985; Ashman & Zepf 1998; Barmby et al. 2000; Perrett et al. 2002) , while the metal-rich globular clusters may be associated with the bulge and/or thick disk (e.g. Minniti 1995; Barbuy et al. 1998; Côté 1999; Bica et al. 2006 ). The globular cluster sub-populations in elliptical galaxies show many similarities to those in spirals, and some of the metal-rich clusters may have formed in galaxy mergers (e.g. Ashman & Zepf 1992) . Some of the metal-poor ("halo") clusters may have been accreted from dwarf galaxies (Da Costa & Armandroff 1995) or in proto-galactic fragments from which the halo assembled (Searle & Zinn 1978) . However, there is evidence based on metallicity that globular clusters could not have been formed from the destruction of dwarf galaxies (see Koch et al. 2008 , and references there-in). A major challenge is to establish how each one of these mechanisms may fit into the paradigm of hierarchical structure formation (e.g. Santos 2003) .
One important step towards understanding the roles of merging and accretion processes is to extend our knowledge about globular clusters to many different galaxy types, such as dwarf galaxies and late-type spirals, in a range of environments. Studies of globular clusters in spiral galaxies are more difficult than in early-type galaxies because the globular cluster systems are generally poorer and appear superposed on an irregular background. Consequently, most studies of extragalactic globular clusters have focused on elliptical galaxies.
In spite of the similarities, there are also important differences between globular cluster systems of large ellipticals and those of spirals like the Milky Way. Elliptical galaxies generally have many more globular clusters per unit host galaxy luminosity (i.e., higher globular cluster specific frequencies Harris & van den Bergh (1981) than spirals), and on average the globular cluster systems of ellipticals are more metalrich (Kissler-Patig et al. 1999) . The best studied globular cluster systems in spiral galaxies are those associated with the Milky Way and M31. Globular clusters in M31 appear similar to those in the Milky Way in terms of their luminosity functions, metallicities and, size distributions (Crampton et al. 1985; Perrett et al. 2002; Barmby et al. 2002) . M33 has a large number of star clusters (Christian & Schommer 1982 Chandar et al. 2001 ) but many of them have young ages and there may be only a dozen or so truly "halo" globular clusters (Sarajedini et al. 2000) . The Magellanic Clouds are also wellknown for their rich cluster systems, but again only few of these are truly old globular clusters. The Large Magellanic Cloud has about 13 old globular clusters (Johnson et al. 1999) , which however show disk-like kinematics. The Small Magellanic Cloud has only one old globular cluster, NGC 121.
The globular cluster populations in low-luminosity spirals are almost unknown. The question of how these clusters formed (and their host galaxy) remain unanswered. Considering that these kind of galaxies remain almost unperturbed during their live, it is probable that we are observing their first population of globular clusters and therefore, we can approach to the conditions in which the host galaxies were formed.
The nearby Sculptor group hosts several late-type galaxies whose globular cluster systems are potentially within reach of spectroscopic observations with 8 m telescopes in a few hours of integration time. A previous study of the star cluster population in the Sculptor group was done by Olsen et al. (2004) . They observed several globular clusters candidates, finding 19 globular clusters in four galaxies, most of them metal-poor with [α/Fe] lower than the Milky Way globular clusters.
In this paper we concentrate on the late-type, lowluminosity spiral galaxy NGC 45 in Sculptor, in which we have previously identified a surprisingly rich population of old globular cluster candidates in HST/ACS imaging. NGC 45 is classified as a low-luminosity spiral galaxy with B = 11.37 ± 0.11 and B − V = 0.71 (Paturel et al. 2003) . It is located at ∼ 5 Mpc from us, (m − M) 0 = 28.42 ± 0.41 (Bottinelli et al. 1985) , in the periphery of the Sculptor group. In Mora et al. (2007) we found 19 globular clusters located in projection with the galaxy bulge, which appear to belong to the metal-poor population. Those 19 globular clusters yield a S N of 1.4 − 1.9, which is high for a late-type galaxy.
In this paper we focus on 8 of those 19 globular clusters. We analyze them through spectroscopy to confirm or reject their globular cluster status and to constraint ages and metallicities.
Candidates selection, observation and, reductions

Globular cluster selection
In Mora et al. (2007) we identified cluster candidates as extended objects, using a variety of size selection criteria based on the BAOLAB/ISHAPE (Larsen 1999) and SExtractor (Bertin & Arnouts 1996) packages. We found 19 extended objects fulfilling the color criteria 0.8 < V − I < 1.2, with magnitudes V = 19.5 up to V = 22.5 that were interpreted as globular clusters. The detected globular cluster candidates had a mean color of V − I = 0.90, consistent with a metal-poor, old population. The mean half-light radius of the globular cluster candidates was R eff = 2.9 ± 0.7 pc (error is the standard error of the mean), similar to that of globular clusters in other galaxies.
Observations and reductions
The spectra were acquired in service mode on the ESO period 77 using the ESO Focal Reducer/low dispersion Spectrograph (FORS2) through the Multi-object spectroscopy mask exchange unit (MXU), which is mounted in Kueyen/UT2 VLT telescope at Cerro Paranal Chile. We used the GRIS 600B+22 which has a wavelength range from 3330 Å up to 6210 Å with a dispersion at the central wavelength (4650 Å) of 0.75 Å/pixel. Because of the globular cluster positions, we were only able to place 8 globular clusters on the MXU. Extra 16 filler slits were placed on young star regions, the galaxy bulge, the sky and one star. On each object a slit of 1.0 ′′ width was placed and MXU observations were done in 7 Observing Blocks (OBs). A sample of these spectra are shown in Fig. 1 . For the calibration, we acquired 6 Lick/IDS standard stars from Worthey et al. (1994) in long slit spectra mode using the same configuration of the globular cluster observations (for a log of the observations see Table 1 ). The six standard stars were selected according to their spectral type (i.e. K3III, G0V, G5IV, F5VI, K3IIIV and, A3V), covering the range of spectral types expected in a globular cluster. Each standard was observed in 3 exposure sets with a small offset in the direction of the slit in order to avoid bad pixels in the final combined spectra. The second column indicates the observed mode: Multi-object spectroscopy mask exchange unit (MXU) and Long slit spectroscopy (LSS).
The spectra (science and standard stars) were reduced (i.e. bias subtracted, flat field corrected, optical distortion corrected and, wavelength calibrated) using the ESO Recipe Execution Tool v3.6 (ESO-REX) 1 . Typical rms from the distortion corrections were on the order of 0.4 pixels and the wavelength cal-ibration accuracy of the model applied during the wavelength calibration was on the order of 0.08Å.
Fig. 1.
Samples of the spectra. The spectra have been shifted to the 0 radial velocity and an offset in flux has been added for best clarity of the sample. Some Lick-index passband are indicated at the bottom of the panel.
In the following section we explain the radial velocity measurements. We only focus on the globular clusters because filler spectra were too faint to have reasonable radial velocity measurements.
Radial velocities
Radial velocities were first derived for the standard stars. Since each standard star was acquired in a set of 3 consecutive exposures, we derived the radial velocity on each single exposure. This was accomplished by cross correlating a zero velocity elliptical galaxy template from Quintana et al. (1996) with each spectrum using the FXCOR IRAF 2 task. Each single spectrum was shifted to zero radial velocity and combined into a high signal to noise standard star spectrum.
Globular cluster spectra taken in the same OB were combined, yielding 7 spectra for each globular cluster. Each one of them, in combination with the high signal to noise standard star spectra, were used to derive the globular cluster velocities through cross correlation using the FXCOR IRAF task. On each cross correlation we select a region of 200 Å width centered in the Ca II H+K, Hβ and, Hγ features. An extra region from 5000 Å up to 5500 Å was also considered for cross correlation. We note that the cross correlations between standard-star types A and K; and the globular cluster spectra were particularly difficult, most likely because such stars provide a poorer match to the overall spectrum of a globular cluster. This effect, combined with the low signal-to-noise of the spectra (especially for the globular clusters ID 45 and ID 47) caused the velocity measurements to be more uncertain when based on these stars.
In Fig. 2 we show histograms of all the individual velocity measurements for each cluster. We adopted the average of the distribution as the final velocity value of each globular cluster. The error was obtained from the standard deviation divided by the square root of the number of measurements. Values are listed in Table 2 . σ is the standard deviation and N corresponds to the number of measurements.
In Fig. 3 we show the position of the globular clusters with overplotted isovelocity contours from Chemin et al. (2006) . The sub-panel on the bottom and the sub-panel on the right shows the projected velocity as function of RA and DEC.
The panels show that our velocity measurements are consistent with no overall rotation of the globular cluster system. Globular clusters located near the center of the galaxy show velocities consistent with the observed H I gas velocities from Chemin et al. (2006) . The greatest difference between the globular cluster velocities was ∆V = 71±16 km/s. It corresponds to the difference of velocity between the globular cluster ID=45 and 47, which also show the largest errors. Therefore, globular cluster velocities are mainly concentrated between V=430 -480 km/s, as is seen in Fig 3. The velocities of the GCs clearly do not match the isovelocity contours of Chemin et al. (2006) , and we thus exclude that the GCs are associated with the disk component of NGC 45. The velocity dispersion is σ = 20 ± 4 km/s, which is significantly larger than the measurement errors (Table 2) and smaller than other similar galaxies like M 33 (Chandar et al. (2002) found values of σ = 54 ± 8 for disk/bulge globular clusters and σ = 83 ± 13 km/s for halo globular clusters). Therefore, we conclude that the globular cluster velocities in NGC 45 are indicative of halo-or bulge like kinematics, with little or no overall rotation. 
Lick index calibrations
In the following we estimate abundances for our globular cluster sample using the Lick/IDS system of absorption line indices. Passband definitions were taken from G. Worthey's web page 3 which corresponds to Trager et al. (1998) for the new wavelength definitions, Worthey et al. (1994) for the old definitions including H δ and H γ definitions from Worthey & Ottaviani (1997) .
The Lick/IDS system is designed to measure absorption features such as CN, Hβ, Fe, Mg, G (molecular bands) and blend of absorption lines present in old populations. These features were used to construct a library from several stars observed at the Lick observatory. Six of these standard stars were taken during the observations that are presented in this work. Due to our telescope configuration, the standard stars spectra, as well as the globular cluster spectra, have higher spectral resolution than the original Lick/IDS system. Thus, we must carefully degrade our spectra in order to match the Lick/IDS spectral resolution. One way to quantify the difference between our instrumental system and the original Lick/IDS spectra is to measure the FWHM of narrow spectral features. We measured the FWHM of the sky lines in our sky spectra and we found a typical FWHM=4.9 Å. This value was used as input for the code used for the index derivations.
The indices were measured using the GONZO code from Puzia et al. (2002) . Briefly, GONZO degrades the spectra to the Lick/IDS index system with a wavelength-dependent Gaussian kernel in order to match the resolution from Worthey & Ottaviani (1997) . GONZO also derives the uncertainties of the indices by considering the Poisson statistics from the error spectra. These statistics are used in addition to the random noise when creating artificial science spectra and measuring the indices on these. For further details on GONZO, see Puzia et al. (2002) .
In the comparisons between our standard stars and the Lick/IDS system, we assumed that the transformation between our measured Lick/IDS indices and the standard values was linear with a slope of unity, so that only an offset is needed to match the standard Lick/IDS system. Also we avoided possible changes of the slopes due to outlier measurements (which were impossible to identify because of the small number of the observed standard stars).
The zero-point offsets are given in Table 3 and a comparison between our measurements and the Lick/IDS system is shown in Fig. 6 . In Table 3 ZP corresponds to the zero point needed in order to match the Lick/IDS system and σ corresponds to the error which was calculated considering the standard deviation divided by the square root of the number of measurements. The reader may note that we do not list values for the TiO indices because the TiO indices were outside the wavelength coverage. 
Results
Age diagnostic plots
In this subsection we discuss the results of the indices measurements and their comparisons with α/Fe-enhanced models from Thomas et al. (2003) and Thomas et al. (2004) . We adopted the index [MgFe] ′ = Mgb × (0.72 × Fe5270 + 0.28 × Fe5335) which is [α/Fe] independent defined by Thomas et al. (2003) . We also adopted from González (1993) the < Fe >= (Fe5270+ Fe5335)/2 index definition. Figure 4 show the age metallicity diagnostic plots for the Balmer line indices Hβ, Hγ A , Hγ F , Hδ A and, Hδ F against [MgFe] ′ . All our globular clusters show [MgFe] ′ values less than or equal to 2 Å, which makes them metal poor.
Ages are poorly constrained and depend on the Balmer line used for the comparison with models, but the metallicities are consistently sub-solar with [Z/H]<-0.33. In the left panel of Fig. 5 we show the average iron versus Mg2 over-plotted with models from Thomas et al. (2004) 
Comparison with photometric ages
In spite of the uncertainties of the star cluster metallicities and ages, it is worth to comment how ages and metallicities derived here compare with the previous ages and metallicities assumed in Mora et al. (2007) . As a reminder, in Mora et al. (2007) we used GALEV models (Anders & Fritze-v. Alvensleben 2003) considering 4 metallicites: Z=0.004, 0.008, 0.02, and 0.05 which are equivalent to [Fe/H]= −0.7, 0.4, 0, and +0.4. In the present work, we have 3 globular clusters (ID=33, 34 and, 35) in common with our previous work.
In Table 4 we show the [Z/H] values calculated for each index and its mean value calculated from the age diagnostic plots. We do not extrapolate ages nor metallicities of globular clusters lying outside the model grids. Errors were calculated considering the highest and lowest values for each index within Table 4 . We found that the derived metallicities agree on each index and we concluded that the most adequate metallicity for age and mass derivations with photometry is Z=0.004 of the GALEV models.
In Table 5 we show individual ages derived from the age diagnostic plots for each Balmer index, and the mean value considering all Balmer indices. We do not extrapolated values outside the model grids and errors were calculated in the Table 4 . Metallicities from age diagnostic plots.
(1) (2) (3) (4) (5) (6) Column (1): Globular cluster ID. Columns (2) to (6): Z/H. The index used for its derivation is shown between brackets. Column (7): average Z/H Table 5 . Derived ages in Gyr from age diagnostic plots.
(1) (2) (3) (4) (5) (6) (7) (8) Column (1): Globular cluster ID. Columns (2) to (6): Derived ages. The index used for its derivation is shown between brackets. Column (7): Average age. Columns (8) and (9): Ages derived from GALEV.
same way as we did in Table 4 . Values in boldface indicate that the errors lie outside the model grid. The last two columns show the derived ages from GALEV (considering Z=0.004). Ages derived from photometry do not agree with the values derived using spectroscopy. Photometric ages were underestimated, compared with the spectroscopic ones. This underestimation is more dramatic for the globular cluster ID=35 where the photometric age do not share the same order of magnitude as the spectroscopic ones. This result is not entirely unexpected, since old globular clusters are faint in the U-band, which provides much of the leverage for age determi-nations. Furthermore, model uncertainties and degeneracies in age/metallicity/reddening all combine to produce larger uncertainties on the photometric ages for old globular clusters.
Discussion and conclusion
Although uncertainties on the age estimates for our sample of globular clusters in NGC 45 remain large, we were able to constrain their metallicities and α/Fe abundance ratios. These showed that the globular clusters in NGC 45 are metal poor, corroborating the metal poor population deducted from the globular cluster colors in Mora et al. (2007) . Assuming that the globular clusters are tracer of star formation events, considering that NGC 45 is an isolated galaxy, probably a background object and, not a true member of the Sculptor group (Puche & Carignan 1988) , it is puzzling how these entities formed in this galaxy. Whiting (1999) suggested that NGC 45 once made a close pass by the Sculptor group, getting close to NGC 7793 and transferring angular momentum. This would have been excited the globular cluster formation in NGC 45 but there is no record of this in the globular cluster population. Therefore, the formation of the globular clusters must be happen at early times probably when the galaxy assembled.
The globular cluster velocities and the velocity dispersion of the system argue in favor of a real association between the globular clusters and the galaxy bulge. The velocity distribution of the GC population seems to be dominated by random motions, although it would be desirable to corroborate this statement with further velocity measurements of the remaining 11 candidates.
The sub-solar [α/Fe] values derived here are unlike those typically observed in old GC populations (e.g. Puzia et al. 2005) , including those in the Milky Way. However, we note that they are consistent with those derived by Olsen et al. (2004) . It is also of interest to note that dwarf galaxies in the Local Group tend to show less alpha-enhanced abundance ratios than the Milky Way (Sbordone et al. 2005; Tolstoy et al. 2003) , despite the fact that many of them are satellite galaxies (e.g. LMC, SMC, etc). This may point to important differences in the early chemical evolution in these different types of galaxies, and is potentially an argument against the notion that a major fraction of the GCs in large galaxies could have been accreted from minor galaxies similar to those observed today.
One possible explanation for the relatively low [α/Fe] ratios of the GCs in NGC 45 is that the formation and assembly of the halo/bulge component took longer than in major galaxies like the Milky Way. This would allow time for Type Ia supernovae to appear and enrich the gas with greater amounts of Fe. 
